Abstract. TRIM58 (tripartite motif containing 58) has been reported as a novel methylated gene in hepatocellular carcinoma (HCC) by methylation microarrays. However, its associations with mRNA expression and clinicopathological characteristics have not been evaluated. In this study, we explored the potential clinical implications of TRIM58 methylation in HCC. We analyzed the methylation level of TRIM58 in 181 HCC tissues, 172 matched adjacent non-tumor tissues and 13 normal liver tissues using methylation-sensitive restriction enzyme based quantitative PCR and bisulfite genomic sequencing. Further, the mRNA expression level of TRIM58 was measured in 46 paired HCC and adjacent non-tumor tissues by quantitative real-time PCR. Moreover, the relationship between TRIM58 methylation and mRNA expression, the clinicopathological features, as well as prognostic value were evaluated. The results showed that TRIM58 methylation was significantly higher in HCC tissues compared with adjacent non-tumor tissues and normal liver tissues (both p<0.0001). Using 10% as the cut-off value, hypermethylation of TRIM58 was specific in HCC tissues (28.18%, 51/181), with a tendency to correlate with unfavorable disease-free survival (p=0.047). Moreover, TRIM58 expression was significantly decreased in HCC tissues compared with adjacent non-tumor tissues (p<0.0001), and showed a negative association with DNA methylation (p=0.015, r s = -0.260). Our data indicate that TRIM58 methylation is a common event in HCC and may contribute to downregulation of its mRNA expression. Furthermore, hypermethylation of TRIM58 tends to be associated with worse DFS after hepatectomy. However, the potential clinical application of TRIM58 need to be further investigated.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common and aggressive malignancies worldwide (1) . The major risk factors contributing to HCC include infection with hepatitis B or C virus, non-alcoholic steatohepatitis disease, aflatoxin B exposure and chronic alcoholism (2, 3) . It is widely accepted that hepatocarcinogenesis is a multi-step process of serial genetic and epigenetic abnormalities (4) (5) (6) . DNA methylation, the best-characterized epigenetic mechanism, has been reported as one of the pivotal alterations in HCC development and progression (7, 8) . Global genomic hypomethylation and gene specific hypermethylation are two main patterns of aberrant DNA methylation, and these alterations coexist in HCC. Growing evidence showed that aberrant methylation presents potential clinical applications for HCC detection, diagnosis and prognosis (9, 10) . Therefore, evaluating the status of DNA methylation could aid in identifying molecular biomarkers that may have potential applications in clinical practice for HCC.
TRIM58 (tripartite motif containing 58) is a member of the tripartite motif-containing family. The TRIM proteins frequently possess E3 ubiquitin ligase activities and participate in a broad range of physiological processes and disease, including innate immunity, development process, genetic diseases, and cancer (11) . It has been reported that TRIM58 regulated terminal erythroid cell cycles and enucleation (12) . However, the association between TRIM58 and HCC has not been well documented. Recently, hypermethylation of TRIM58 has been detected in hepatocellular carcinoma using methylation microarrays, and further validated in 10 paired tumor and adjacent liver tissues using combined bisulfite restriction analysis (COBRA) (13) . Additionally, Tao et al also found that TRIM58 mRNA expression was upregulated after 5-aza-dc treatment in HCC cell lines, which indicated that TRIM58 methylation was tightly associated with its downregulation in HCC cell lines. However, this observation based on cell lines was not validated in clinical specimens. Therefore, it is necessary to revaluate the methylation and expression of TRIM58 in a larger cohort of clinical samples and explore its potential clinical implication.
In the present study we measured the methylation level and mRNA expression of TRIM58 in HCC and adjacent non-tumor tissues by MSRE-qPCR and quantitative real-time PCR. Correlations between the methylation and mRNA expression, and clinicopathological features were evaluated.
Materials and methods
Tissue samples. A total of 181 HCC tissues and 172 adjacent non-tumor tissues (including 172 paired samples) were obtained from HCC patients who underwent surgical resections from May 2011 to November 2014 at Zhongnan Hospital of Wuhan University and Hubei Cancer Hospital. In addition, 13 normal tissues from patients with hepatic hemangiomas were included as control. Among these samples, 76 pairs of HCC tissues and matched adjacent non-tumor tissues were fresh-frozen tissues that were stored at -80˚C immediately after surgery, whereas the others were formalin-fixed paraffinembedded (FFPE) samples.
All patients were diagnosed by ultrasonography or computed tomography, and confirmed by histology of liver biopsy. None of the patients had an additional history of a solid organ tumor or preoperative therapy. This study was approved by the Medical Ethical Committee of Zhongnan Hospital of Wuhan University and followed the tenets of the Declaration of Helsinki and its later amendments. Informed consent was obtained from all individuals before the study carried out. The demographic clinicopathological information was obtained from the electronic medical records of patients, which are shown in Table Ⅰ .
Bisulfite genomic sequencing (BGS) and methylationsensitive restriction enzyme digestion and quantitative PCR (MSRE-qPCR).
DNA from FFPE samples and fresh-frozen tissues was isolated using QIAamp DNA FFPE Tissue kit (Qiagen) and standard phenol/chloroform extraction, respectively. DNA was quantified by the NanoDrop-2000c (Thermo Scientific, Rockford, IL, USA) and stored at -20˚C until use. Bisulphite conversion and bisulfite genomic sequencing (BGS) were performed as previously described (14) . The methylation level of TRIM58 was calculated as follows: 100% x methylated CG / (methylated CG + unmethylated CG). MSRE-qPCR was performed to detect the methylation level of TRIM58 as our previous study (14) . ACTB without methylation-sensitive restriction enzyme recognition site was used as an internal control. The methylation level of TRIM58 was measured by 100% x 2 -∆Cq (undigested -digested) after normalization to the ACTB (15) . The primers used for BGS and MSRE-qPCR were listed in Table Ⅱ. RNA isolation and gene expression analysis. Total RNA was isolated from fresh-frozen tissues using TRIzol Reagent (Life Technologies, Gaithersburg, MD, USA) according to the manufacturer's instructions. The cDNA was synthesized from 1 µg RNA by PrimeScript™ RT reagent kit with gDNA Eraser (Takara, Dalian, China). The expression level of TRIM58 was performed in duplicate by quantitative PCR using Bio-Rad CFX96™ real-time PCR detection system (Bio-Rad, Hercules, CA, USA) in accordance with the manufacturer's protocol. Each assay was carried out in a total volume of 20 µl, including 1X SYBR ® Premix Ex Taq™ GC (Takara), 0.5 µM of forward and reverse primers (Table Ⅱ) , 2 µl cDNA template. Non-template control was used as negative control, and melting curve analysis was employed to verify the specificity of PCR product. All reactions were normalized to ACTB as an internal control, and the relative expression level of TRIM58 was determined by using the comparative Cq method (2 -∆Cq ). The statistical analyses were conducted with the SPSS 16.0 and GraphPad Prism 6.0, all p-values were two-sided and p<0.05 was considered statistically significant.
Results

Hypermethylation of TRIM58 in HCC.
To investigate the methylation status of TRIM58 in HCC, we firstly evaluated the methylation level in 30 paired HCC tissues and adjacent non-tumor tissues using BGS. A total of 30 CpG sites were detected and the methylation levels were varied in different CpG sites (Fig. 1A) . The methylation level of TRIM58 in HCC tissues were significantly higher than that in paired adjacent non-tumor tissues at each CpG site (p<0.05), excepting the CpG sites at 1, 2, 4, 9 and 12 (p>0.05). A hierarchical clustering analysis was performed according to the methylation level of each CpG site in 60 liver tissues, and the 30 CpG sites were divided into two distinct subclasses, cluster 1 and cluster 2 (Fig. 1B) . The methylation differences between HCC and adjacent non-tumor tissues at CpG sites in cluster 1 were more obvious than in cluster 2. The overall methylation of TRIM58 in HCC tissues was also significantly higher than that in matched adjacent non-tumor tissues [32.50% (14.17%-47.17%) vs. 11.17% (7.92%-14.75%), p<0.0001, Fig. 1C] .
To further explore the association between TRIM58 methylation and clinicopathological characteristics, 181 HCC tissues, 172 matched adjacent non-tumor tissues and 13 normal liver tissues were used to verify the methylation level of TRIM58 in the region between CpG site 13 and 30 (cluster 1) using MSRE-qPCR. Representative results of BGS and MSRE-qPCR are displayed in Fig. 2 . The result from MSRE-qPCR showed that the methylation level of TRIM58 in HCC tissues was significantly higher than that in adjacent non-tumor tissues and normal liver tissues (p<0.0001 and p=0.002, respectively, Fig. 1D ). However, there was no significant difference in methylation level of TRIM58 between the adjacent non-tumor tissues and normal liver tissues (p=0.625, Fig. 1D ). With a 10% hypermethylation level threshold established (16,17), 28.18% (51/181) of HCC specimens showed increased hypermethylation, as opposed to 0% in the adjacent non-tumor tissues and normal liver tissues. Overall, both data from BGS and MSRE-qPCR indicated a significant increase in the methylation level of TRIM58 in HCC tissues compared with the adjacent non-tumor tissues.
Correlations between TRIM58 methylation and clinicopathological features. The correlation between TRIM58 methylation and clinicopathological features of 181 HCC samples are summarized in Table Ⅲ . The methylation level of TRIM58 was increased in patients with serum AFP ≥200 ng/ml (p= 0.015), tumor embolus (p= 0.0026) and advanced tumor-node-metastasis (TNM) stage (p=0.046), respectively. No other correlations were observed between the methylation of TRIM58 and clinicopathological parameters, such as patient gender, age, cirrhosis, tumor number and size, as well as tumor differentiation (p>0.05). Spearman's rank order correlation coefficient was calculated to further analyze associations between TRIM58 methylation and AFP, tumor number and size as continuous variables. The results indicated that the methylation of TRIM58 had a positive significant correlations with AFP level (p=0.037, r s =0.159). However, no correlations between TRIM58 methylation and tumor number and size were observed. To explore the association between TRIM58 methylation and DFS, patients were divided into groups of hypomethylation or hypermethylation according to the threshold of TRIM58 methylation level established (10%). Kaplan-Meier analysis revealed that HCC patients with TRIM58 hypermethylation showed a significantly shorter median DFS after hepatectomy than those with TRIM58 hypomethylation (7 months vs. 17 months, p=0.047, Fig. 3 (Fig. 4A) and the difference was statistically significant (p<0.0001, Fig. 4B ). Moreover, TRIM58 methylation was significantly higher in HCC specimens (p<0.0001, Fig. 4C ) and had an inverse correlation with its mRNA expression, despite a lower correlation coefficient (p=0.015, rs= -0.260). 
Discussion
It is well known that aberrant methylation plays a pivotal role in hepatocarcinogenesis (7) . TRIM58 methylation was first reported in HCC by methylation microarrays, and validated in only 10 paired primary tumor and adjacent liver tissues (13).
However, the authors did not perform any clinical associations with their data due to the limited samples. In this study, detailed TRIM58 methylation of 30 CpG sites at a 343 bp CGI (CpG islands) region was initially analyzed by BGS in a pilot cohort of 30 paired HCC and adjacent non-tumor tissues. The result indicated that the TRIM58 methylation increased significantly in HCC tissues compared with adjacent non-tumor tissues, and the methylation difference of CpG sites in cluster 1 (-6 ~ +99) was more severe, which was in accordance with previous study from Tao et al (13) . Furthermore, this observation was further validated in a larger cohort of 181 HCC tissues, 172 adjacent non-tumor tissues and 13 normal liver tissues using MSREqPCR. Additionally, the methylation of TRIM58 was inversely associated with its mRNA expression, and tended to correlate with tumor embolus, advanced TNM stage and unfavorable DFS after hepatectomy.
Both results of BGS and MSRE-qPCR showed an increased methylation level of TRIM58 in HCC tissues compared with non-tumor tissues and normal liver tissues. It further validated that gene specific hypermethylation was considered as a common epigenetic event in HCC (8) . However, the significant difference between adjacent non-tumor tissues and normal liver tissues was not observed in this study, and hypermethylation of TRIM58 appeared in HCC tissues, but not in adjacent non-tumor tissues and normal liver tissues. The results indicated that hypermethylation of TRIM58 (>10%) was one of the specific events associated with tumorigenesis rather than other benign pathological processes, such as inflammation and cirrhosis (18) .
It is well documented that aberrant methylation showed the potential value of prognostic prediction for patients with HCC, which might assist in making therapeutic schedule after hepatectomy (19, 20) . Consistently, we found that hypermethylation of TRIM58 was associated with worse DFS, although it was not an independent prognostic predictor for unfavourable DFS. This may be due to the relative short follow-up time and limited sample size. Nevertheless, it implied that TRIM58 hypermethylation was not conducive to the patient's DFS. In accordance with previous study, larger tumor size and high-grade differentiation (Edmondson) were independent unfavorable factors for DFS (21) . In addition, a positive correlation between TRIM58 methylation and tumor embolus, advanced TNM stage, the characteristics of disease progression and unfavorable prognosis (22, 23) , were observed in patients with HCC. These results suggested that TRIM58 methylation closely associated with aggressive biological behavior of HCC and might be served as a potential prognostic marker for HCC patients. Thus, hypermethylation of TRIM58 might play a crucial role in hepatocarcinogenesis, especially for the progressive and aggressive nature of this disease.
Gene specific hypermethylation frequently mediated transcriptional silencing of the associated gene and played an important role in tumorigenesis (24, 25) . Numerous genes, such as SOCS1 (17) , GSTP1 (26) , SFRP1 (27) , FOXD3 (28) , SYK (29) , FAM43B (30) , which are involved in tumor suppression, cell cycle regulation, apoptosis, and DNA repair have been shown to be suppressed by DNA hypermethylation in HCC. In our study TRIM58 mRNA expression was significantly reduced in HCC tissues comparing with adjacent non-tumor tissues, while the assessment of DNA methylation by MSRE-qPCR demonstrated that TRIM58 methylation was significantly increased in HCC tissues. Furthermore, 72 h treatment with demethylation agent (5-aza-dc) in HCC cell lines was able to upregulate TRIM58 mRNA expression (13) . These results indicated that TRIM58 methylation was inversely correlated with the downregulation of its expression. Herein, we speculated that TRIM58 methylation might be involved in the mechanism of gene silencing and then participated in the development of HCC, although it needed further investigation.
Of note, the following limitations should be considered in the present study. Firstly, although we detected TRIM58 methylation in HCC tissues, adjacent non-tumor tissues and normal liver tissues, the methylation levels in tissues both from patients of chronic hepatitis and liver cirrhosis without HCC were unclear, which will assist in stating the continuous changes of methylation in hepatocarcinogenesis. Secondly, the mRNA expression analysis was conducted in a small sample size as our study was mainly based on FFPE specimens. Finally, our follow-up time was relatively short with limited sample size, resulting in low power to evaluate the association between TRIM58 methylation and DFS. Thus, further validation in a prospective and large-scale clinical study is needed.
In conclusion, our data showed that hypermethylation of TRIM58 is one of the specific events in HCC, and may contribute to the downregulation of its mRNA expression. Moreover, hypermethylation of TRIM58 tend to be associated with worse DFS after hepatectomy. However, the clinical application of TRIM58 needs to be further assessed with more samples with different pathophysiological processes and histological characteristics.
